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(54) Discharge lamp lighting device 

(57) The present invention provides a discharge 
lamp lighting device for holding constant the tube current 
per lamp for a plurality of connected discharge lamps in 
a current feedback type discharge lamp lighting device. 
An impedance switching signal generator 33 is provided 
which detects the number of connected discharge tubes 
4, 23, etc. , and switches the impedance of a tube current 
detector 32 in accordance with the number of tubes. The 
device of the present invention tends not to be effected 
by stray. 
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Description 

Field of the invention 

The present invention relates to a discharge lamp 
lighting device arranged to control the lighting of dis- 
charge tubes connected to the lighting device. 

Prior art 

A conventional discharge lamp lighting device which 
maintains tube current constant is disclosed in Japanese 
Utility Model Application LaidOpen No. 5-80191. In the 
discharge lamp lighting device disclosed in this publica- 
tion, a tube current detected at a tube current detecting 
circuit is fed-back to a voltage control means arranged 
so as to precede a lighting circuit. The voltage control 
means is operated so that the tube current flowing 
through the discharge tube is constant, the lighting volt- 
age being supplied to the lighting circuit. In the tube cur- 
rent detecting circuit, usually, the tube current flows 
through a resistor, and the circuit outputs the voltage 
generated across both ends of the resistor. Such a dis- 
charge lamp lighting device is generally called a current 
feedback type lighting device. 

In a liquid crystal backlight which uses a cold cath- 
ode discharge tube having an extremely small diameter 
and relatively high impedance as a light source, draw- 
backs arise in that the startability deteriorates and char- 
acteristics tend to fluctuate due to the effect of stray 
which occurs because a metal reflecting film is near a 
periphery of the discharge tube. These drawbacks tend 
not to arise in a current feedback type lighting device 
which provides a lit state in which the startability and 
characteristics are stable. 

However, in the above-described conventional art, 
in an arrangement where the number of discharge tubes 
can be varied arbitrarily, a current of a value which is the 
sum total of the currents flowing through the plurality of 
discharge tubes flows to the resistor of the tube current 
detecting circuit. Therefore, when an attempt is made to 
keep the voltage across both ends of the resistor con- 
stant, a drawback arises in that the current flowing per 
discharge tube varies. Further, if a source of current, a 
lighting circuit, a tube current detecting circuit or the like 
are provided respectively for each of the discharge 
tubes, the respective tube currents can be held constant 
even if the number of discharge tubes is varied arbitrarily, 
but the lighting device becomes large, complex, and 
more expensive. 

An object of the present invention is to provide an 
improved current feedback type discharge lamp lighting 
device in which the number of discharge tubes can be 
changed arbitrarily. 

Disclosure of the Invention 

Accordingly the present invention provides a dis- 



charge lamp lighting device for controlling a lighting cir- 
cuit arranged to pass current to a discharge tube when 
connected to a direct current power supply so as to main- 
tain a lit state of the discharge tube, the lighting device 

5 comprising a voltage control circuit which receives cur- 
rent flowing through the discharge tube, and controls 
voltage supplied to said lighting circuit so that current 
flowing through an impedance device is maintained con- 
stant, said discharge lamp lighting device being charac- 

io terized by: the impedance device being arranged to re- 
ceive all or a portion of current flowing through one dis- 
charge tube, or a plurality of discharge tubes; and im- 
pedance switching means for varying the impedance of 
the impedance device in accordance with the number of 

15 lighting circuits. 

The lighting circuit can be one lighting circuit or a 
plurality of lighting circuits, and the current flowing 
through the impedance device is then all or a portion of 
respective currents flowing through discharge tubes con- 

20 nected to the one lighting circuit or said plurality of light- 
ing circuits. 

Preferably the voltage supplied to said lighting cir- 
cuits is controlled by arranging the impedance switching 
means to receive feedback signals from each of said 

25 lighting circuits and to vary the impedance of the imped- 
ance device based on the feedback signals. Typically, 
the number of lighting circuits is detected by open- 
ing/closing of circuitry within said impedance switching 
means which operates due to the feedback signals in- 

30 putted from each of said lighting circuits. 

In one embodiment, the impedance device is struc- 
tured by a plurality of connected resistors, and in a case 
in which said plurality of resistors are connected in se- 
ries, a switching element is connected in parallel to each 

35 of said resistors, and in a case in which said plurality of 
resistors are connected in parallel, a switching element 
is connected in series to each of said resistors, said im- 
pedance switching means varying the impedance of the 
impedance device by opening/closing the switching ele- 

40 ments connected to said plurality of resistors. Preferably, 
the impedance of the impedance device in a case in 
which there is one discharge tube is N times the imped- 
ance in a case in which there are N discharge tubes. 
Preferably the voltage control circuit is structured by 

45 a chopping circuit connectable in series to the direct cur- 
rent power supply, and a signal generating circuit ar- 
ranged to generate an opening/closing control signal of 
said chopping circuit, said voltage control circuit being 
arranged to control the voltage supplied to said lighting 

50 circuit by duty control of said chopping circuit, to maintain 
current flowing to the impedance device constant, and 
to effect opening/closing control of one chopping circuit 
or a plurality of chopping circuits by one output signal of 
said signal generating circuit. 

55 The switching of the impedance for the tube current 
detecting device can be effected by connecting a plural- 
ity of resistors in series, connecting switches of, for ex- 
ample, transistors in parallel to both ends of each resis- 
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tor, and varying the closed switches in accordance with 
the number of detected lighting circuits. 

The current feedback type discharge lamp lighting 
device is basically structured to control the voltage input- 
ted to the lighting circuits so that the voltage across both 
ends of the tube current detecting circuit is uniform. Ac- 
cordingly, in the present invention, the voltage inputted 
to the lighting circuits is controlled by switching the im- 
pedance of the tube current detecting circuit in accord- 
ance with the number of discharge tubes. A lighting de- 
vice according to the present invention can be construct- 
ed in a compact and inexpensive way. Further, the light- 
ing device tends not be be affected by stray. 

Given that the impedance of the tube current detect- 
ing circuit when there is one discharge tube is R, the im- 
pedance of the tube current detecting circuit is R/N when 
there are N discharge tubes. For example, in a case in 
which a current I flows through the discharge tube, when 
there is one discharge tube, the voltage across both ends 
of the tube current detecting circuit is I X R. When there 
are N discharge tubes, the sum total of the current flow- 
ing through the respective discharge tubes flows through 
the tube current detecting circuit. Therefore, the voltage 
across both ends of the tube current detecting circuit is 
(N X I) X (R / N), and when there is one discharge tube, 
the voltage is I X R. Accordingly, by switching the imped- 
ance of the tube current detecting circuit in accordance 
with the number of lighting circuits, a uniform current I 
can be made to flow to the discharge tubes regardless 
of the number thereof. 

The number of lighting circuits is preferably detected 
in the following manner. First, the respective discharge 
tubes are lit by the lighting circuits, each of which con- 
verts one direct current source into an alternating current 
source, raises the voltage, and supplies tube current to 
a discharge tube. The current feedback type lighting de- 
vice controls the input voltage such that, as described 
above, the voltage across both ends of the tube current 
detecting circuit is uniform. Therefore, inputted feedback 
signals are received from the lighting circuits, and the 
number of signal wires carrying feedback signals is cal- 
culated. In this way, the number of lighting circuits can 
be known. The switching of the impedance of the tube 
current detecting device can be realized as follows: a plu- 
rality of resistors are connected in series; the switches 
of, for example, transistors are connected in parallel to 
both of the ends of the respective resistors; and the 
closed switches are varied in accordance with the 
number of discharge tubes detected at a lamp number 
detecting circuit. 

Brief Description of the Drawings 

The present invention will be described further, by 
way of example only, with reference to a preferred em- 
bodiment thereof as illustrated in the accompanying 
drawings, in which: 



Figure 1 is a circuit view illustrating a discharge lamp 
lighting device according to the preferred embodi- 
ment; and 

5 Figure 2 is a diagram illustrating operation of the pre- 
ferred embodiment. 

Description of Preferred Embodiment 

10 An embodiment of the present invention as illustrat- 
ed in the accompanying drawings will now be described. 
Fig. 1 is a circuit view illustrating an embodiment of a 
discharge lamp lighting device of the present invention, 
and Fig. 2 is a view for explaining operation of the em- 

15 bodiment. The embodiment of the present invention 
shown in Fig. 1 illustrates a state in which, with one light- 
ing circuit provided per discharge tube, two discharge 
tubes (two lighting circuits) are connected at a discharge 
lamp lighting device which is structured such that an ar- 

20 bitrary number of lighting circuits up to three lighting cir- 
cuits can be connected thereto. The portion illustrated 
by the broken line in the drawing illustrates a state in 
which the remaining one discharge tube and its lighting 
circuit are connected. Clearly provision can be made for 

26 any number of discharge tubes to be accommodated, 
three being chosen for the purposes of Figure 1 purely 
to simplify the figure, and the accompanying description. 

In the figures, reference numeral 1 is direct current 
power supply, and 2 is a chopping circuit formed by a 

30 chopping transistor 6, a base resistor 7, and a diode 8. 
Reference numeral 3 is a lighting circuit of a discharge 
tube which is formed by a choke coil 9, a resistor 10, a 
base resistor 1 1 , oscillating transistors 12 and 1 3, a res- 
onant capacitor 14, a transformer 15, and a ballast ca- 

35 pacitor 16. Reference numeral 4 is a discharge tube, 5 
is a power supply terminal, 17 is a control signal which 
controls the operation of the chopping circuit 2, 18 is a 
feedback signal wire which feeds-back the voltage input 
to the lighting circuit 3, 1 9 is a tube current detecting ter- 

40 minal for detecting tube current, and 26, 29 are feedback 
signal wires. Further, reference numeral 31 is an opera- 
tion signal generator of the chopping circuit 2 and is 
formed by a voltage comparator 34, a reference chop- 
ping wave generator 35, an error amplifier 36, a refer- 

45 ence voltage supply 37, and resistors 54, 55. Reference 
numeral 32 is a tube current detector formed by tube cur- 
rent detection resistors 41 , 42, 43, transistors 45, 46, 47, 
diodes 39, 40, and a capacitor 38. Impedance switching 
signal generator 33 is formed by resistors 48, 49, 50 and 

so transistors 51 , 52, 53. 

Operation of the present embodiment illustrated in 
Figure 1 will now be described. First, description will be 
given of operation in a case in which the remaining one 
discharge tube illustrated by the broken lines is not con- 

55 nected. Direct current voltage is supplied from the direct 
current power supply 1 to the chopping circuits 2, 21 via 
the power supply terminals 5, 20. In this example, be- 
cause the third discharge tube is not connected as men- 
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tioned above, the power supply terminal 27 is open. The 
chopping circuits 2, 21 chop the supplied direct current 
voltage in accordance with an operation signal inputted 
from the operation signal generator 31. These wave- 
forms are illustrated in Fig. 2. In Fig. 2, (a) illustrates the 
operation signal waveform inputted from the operation 
signal generator 31 , and (b) shows the output voltage 
waveform of the chopping circuits 2, 21 . The lighting cir- 
cuit 3 is a so-called push-pull type voltage resonance cir- 
cuit and turns the oscillating transistors 1 2, 1 3 on and off 
alternately and generates alternating current voltage in 
the primary winding of the transformer 15. Resonance 
current flows between the primary winding of the trans- 
former 15 and resonant capacitor 14 and sine-wave os- 
cillation is effected. By raising the voltage at the trans- 
former 15 and applying high frequency high voltage to 
the discharge tube 4 via the ballast capacitor 16, the dis- 
charge tube 4 is lit, and its lit state is maintained. A dis- 
continuous voltage waveform such as that illustrated in 
Fig. 2(b) is inputted to the lighting circuit 3, but due to the 
smoothing effect of the choke coil 9, a continuous tube 
current is supplied to the discharge tube 4. Fig. 2(c) il- 
lustrates the tube current waveform of the discharge tube 
4. The same operations as those described above are 
carried out for the lighting circuit 22 and the discharge 
tube 23. 

Next, operation of the impedance switching signal 
generator 33 will be described. When the voltage illus- 
trated in Fig. 2(b) is applied to the lighting circuit 3, volt- 
age is fed-back from the lighting circuit 3 via the resistor 
10 and the feedback signal wire 18, and the transistor 
53 of the impedance switching signal generator 33 is 
turned on. In the same way, when the voltage illustrated 
in Fig. 2(b) is applied to the lighting circuit 22, voltage is 
fed-back from the lighting circuit 22 via the feedback sig- 
nal wire 26, and the transistor 52 is turned on. However, 
because the power supply terminal 27 and the feedback 
signal wire 29 are not connected, voltage is not fed-back, 
and the transistor 51 is not turned on. When the transis- 
tors 52, 53 of the impedance switching signal generator 
33 are turned on, base current flows via the resistors 49, 
50, and the transistors 46, 47 of the tube current detector 
32 are turned on. The transistor 45 remains off. If the 
values of resistance of the resistors 41 , 42, 43 are re- 
spectively R ohms, the combined resistance becomes 
R/2 ohms when the transistors 46, 47 are turned on. 

When current of I amperes flows through the dis- 
charge tubes 4, 23 respectively, a current of a total of 21 
amperes flows through the combined resistance R/2. 
Therefore, the voltage generated across both ends of the 
tube current detection resistor is IR volts. Because the 
tube current is alternating current, a direct current volt- 
age rectified by the diodes 39, 40 and smoothed at the 
capacitor 38 is input to the operation signal generator 31 . 
A voltage, which is proportional to a difference voltage 
between the inputted direct current voltage and the volt- 
age Vref of the reference voltage supply 37, is outputted 
from the error amplifier 36 and inputted to the voltage 



comparator 34. The voltage comparator 34 compares 
the inputted voltage and the output voltage of the refer- 
ence chopping wave generator 35, and outputs the 
waveform illustrated in Fig. 2(a). Fig. 2 (c) illustrates the 

s output voltage waveform of the reference chopping wave 
generator 35 and the direct current voltage waveform 
(solid line) inputted to the voltage comparator 34 from 
the error amplifier 36. 

For example, if for some reason the tube current de- 

10 creases, the voltage across both ends of the tube current 
detection resistor decreases, and the voltage inputted to 
the error amplifier 36 decreases. Because the error am- 
plifier 36 is an inverting amplifier, when the voltage in- 
putted to the error amplifier 36 decreases, the output 

is voltage thereof increases. The broken line in Fig. 2(c) is 
the waveform of the direct current voltage inputted to the 
voltage comparator 34 from the error amplifier 36 at this 
time. Accordingly, the output voltage waveform of the 
voltage comparator 34 becomes a waveform such as 

20 that illustrated in Fig. 2(d). In the waveforms of Fig. 2(a) 
and Fig. 2(d), the chopping transistors of the chopping 
circuits 2, 21 are on while the voltage is low. As illustrated 
in Fig. 2(d), when the tube current decreases, the period 
of time that the voltage is low increases. Therefore, the 

25 time over which the chopping transistors of the chopping 
circuits 2, 21 are on increases. As a result, the voltage 
applied to the lighting circuits 3, 22 increases so as to 
increase the tube current. The above-described feed- 
back is effected so that the difference voltage between 

30 the voltage inputted to the error amplifier 36 and the volt- 
age Vref of the reference voltage supply 37 becomes 
substantially zero. Therefore, the tube current is held 
constant. The above description is applicable as well to 
a case in which the tube current increases for some rea- 

35 son. 

If the third discharge tube illustrated by the broken 
line in Fig. 1 is connected, current of 31 amperes flows 
through the tube current detection resistors. In this case, 
because the transistors 51 , 45 are on, the combined re- 

40 sistance of the tube current detection resistors 41, 42, 
43 is R/3 ohms, and the voltage across both ends of the 
current detection resistor is IR volts. As a result, current 
of I amperes flows through each discharge tube in the 
same way as the above-described case in which there 

45 are two discharge tubes. Accordingly, a current feedback 
type discharge lamp lighting device can be realized in 
which the tube current flowing through each discharge 
tube can automatically be held constant even if dis- 
charge tubes are connected to an arbitrary number of 

so circuits which is less than or equal to the number of light- 
ing circuits set in advance. 

In the embodiment illustrated in Fig. 1, the circuit is 
structured such that up to three discharge tubes can be 
connected. However, as already mentioned, the struc- 

55 ture of the preferred embodiment of the present invention 
can be made applicable to any arbitrary number of dis- 
charge tubes by increasing the number of power supply 
terminals, control signal wires, feedback signal wires, 
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tube current detection terminals, tube current detection 
resistors and transistors within the tube current detector 
32, and transistors and resistors within the impedance 
switching signal generator 33. 

The discharge lamp lighting device in accordance 
with the preferred embodiment of the present invention 
has a lighting circuit which passes current through a dis- 
charge tube connected to a direct current power supply 
so as to maintain a lit state of the discharge tube, and 
has a voltage control circuit which passes, to an imped- 
ance device, current flowing through the discharge tube, 
and controls voltage supplied to the lighting circuit so that 
current flowing through the impedance device is main- 
tained constant. The discharge lamp lighting device is 
provided with a switching circuit which passes, to one 
impedance device, all or a portion of the current flowing 
through one discharge tube or a plurality of discharge 
tubes, the switching circuit varying the impedance of the 
impedance device in accordance with the number of dis- 
charge tubes. In this way, even if the number of dis- 
charge tubes or lighting circuits is arbitrarily varied within 
a preset range, a current feedback type discharge lamp 
lighting device can be realized in which the tube current 
flowing per discharge tube is automatically held con- 
stant, and which tends not to be effected by stray. Fur- 
ther, because the number of transformers varies in ac- 
cordance with the number of discharge tubes, even if 
there are only a few connected discharge tubes, there is 
no need to utilize a transformer which is larger than need- 
ed, and the lighting device can be made compact and 
inexpensive. 



Claims 

1. A discharge lamp lighting device for controlling a 
lighting circuit arranged to pass current to a dis- 
charge tube when connected to a direct current 
power supply (1) so as to maintain a lit state of the 
discharge tube, the lighting device comprising a volt- 
age control circuit which receives current flowing 
through the discharge tube, and controls voltage 
supplied to said lighting circuit so that current flowing 
through an impedance device is maintained con- 
stant, said discharge lamp lighting device being 
characterized by: 

the impedance device (32) being arranged to 
receive all or a portion of current flowing through one 
discharge tube, or a plurality of discharge tubes; and 

impedance switching means (33) for varying 
the impedance of the impedance device in accord- 
ance with the number of lighting circuits. 

2. A discharge lamp lighting device as claimed in claim 
1 , wherein said lighting circuit is one lighting circuit 
(3) or a plurality of lighting circuits (3, 22), and the 
current flowing through the impedance device (32) 
is all or a portion of respective currents flowing 



through discharge tubes (4; 4, 23) connected to said 
one lighting circuit (3) or said plurality of lighting cir- 
cuits (3, 22). 

5 3. A discharge lamp lighting device as claimed in claim 
1 or claim 2, wherein the voltage supplied to said 
lighting circuits is controlled by arranging the imped- 
ance switching means (33) to receive feedback sig- 
nals from each of said lighting circuits and to vary 

10 the impedance of the impedance device (32) based 
on the feedback signals. 

4. A discharge lamp lighting device as claimed in claim 
3, wherein the number of lighting circuits is detected 
is by opening/closing of circuitry within said imped- 
ance switching means (33) which operates due to 
the feedback signals inputted from each of said light- 
ing circuits. 

20 5. a discharge lamp lighting device as claimed in any 
of claims 1 to 3, wherein the impedance device (32) 
is structured by a plurality of connected resistors, 
and in a case in which said plurality of resistors are 
connected in series, a switching element is con- 

25 nected in parallel to each of said resistors, and in a 
case in which said plurality of resistors are con- 
nected in parallel, a switching element is connected 
in series to each of said resistors, said impedance 
switching means varying the impedance of the 

30 impedance device (32) by opening/closing the 
switching elements connected to said plurality of 
resistors. 

6. A discharge lamp lighting device as claimed in any 
35 preceding claim, wherein the impedance of the 
impedance device (32) in a case in which there is 
one discharge tube is N times the impedance in a 
case in which there are N discharge tubes. 

40 7. A discharge lamp lighting device as claimed in any 
preceding claim, wherein said voltage control circuit 
is structured by a chopping circuit (2,21 ) connecta- 
ble in series to the direct current power supply (1 ), 
and a signal generating circuit (31 ) arranged to gen- 

45 erate an opening/closing control signal of said chop- 
ping circuit, said voltage control circuit being 
arranged to control the voltage supplied to said light- 
ing circuit by duty control of said chopping circuit, to 
maintain current flowing to the impedance device 

50 (32) constant, and to effect opening/closing control 
of one chopping circuit or a plurality of chopping cir- 
cuits by one output signal of said signal generating 
circuit. 

55 
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